The production and characterization of five monoclonal antibodies to Mycobacterium tuberculosis are described. Specificity of the monoclonal antibodies was tested against other mycobacterial species by an enzyme-linked immunosorbent assay and immunoblots. HGT 3a, an immunoglobulin M (IgM) antibody, recognizes a molecule of 38,000 molecular weight present only in the tuberculosis complex of M. tuberculosis and Mycobacterium bovis BCG. HGT 6, an IgGl antibody, recognized two molecules with molecular weights of 43,000 and 45,000 and showed limited cross-reactivity. Three other antibodies, HGT 1, HGT 2, and HGT 4, all belonging to the IgGl type, recognized multiple bands and showed broad reactivity among all mycobacterial antigens tested, Escherichia coli, and Nocardia asteroids.
The introduction of hybridoma technology (12) has opened new vistas of research in immunology, diagnosis of infectious diseases, and purification of specific antigens. Several reports have described monoclonal antibodies (MAbs) which recognize mycobacterial antigens (1, 5-8, 13, 16-18) . MAbs to Mycobacterium tuberculosis have the potential of providing pure antigens which can be used as skin test reagents. In the present report, we describe the production of five MAbs to M. tuberculosis, identify the antigenic molecule with which they react, and characterize the immunologic specificity with regard to their ability to react with antigens of other mycobacterial species.
MATERIALS AND METHODS
Antigens. Antigens were prepared from mycobacterial species obtained from the Trudeau Mycobacterial Collection (currently housed at the American Type Culture Collection, Rockville, Md. (14) and were harvested after complete pellicle formation or as young actively growing cultures which varied from 2 to 6 weeks depending on the species. The organisms were sonicated and centrifuged to obtain antigens as described earlier (3, 4 IgM 38,000 HGT 4 IgGl 28,000-60,000 HGT 6 IgGl 43,000-45,000
reacted with all the MAbs. Each MAb was then reacted with anti-mouse IgGl, IgG2a, IgG2b, IgM, IgA, and IgE conjugated to alkaline phosphatase (Southern Biotechnology Association, Birmingham, Ala.). After a 2-h incubation, the plates were washed, and color was developed by the addition of p-nitrophenyl disodium phosphate substrate. Optical density was measured in a Dynatech ELISA reader. One of the MAbs, HGT 3a, reacted only with anti-IgM, indicating that it is an IgM antibody, while the others reacted only with anti-IgGl. SDS-PAGE and immunoblotting. Antigens were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) on a 5 to 20% gradient gel under reducing conditions in a discontinuous buffer system (11). Molecular weight standards (Sigma) were included. Resolved antigens were electrophoretically transferred to nitrocellulose paper (pore size, 0.45 ,um) (BA 85; Schleicher & Schuell, Inc., Keene, N.H.) in a 25 mM Tris-192 mM glycine-20% methanol buffer (pH 9.0) at 10 V/cm for 3 h. The paper was washed in phosphate-buffered saline containing 2% Tween 20 for 30 min to block remaining binding sites. A strip of nitrocellulose containing the molecular weight standards was stained with a 0.1% solution of amido black in 45% methanol-10% acetic acid for 15 min and destained in a solution containing 90% methanol and 10% acetic acid. Nitrocellulose paper (0.5-cm strips) with resolved antigens was incubated with a 1:100 dilution of culture supernatant or a 1:2,000 to 1:10,000 dilution of ascites fluid in phosphatebuffered saline-2% Tween 20 for 2 h. After three washings with phosphate-buffered saline-2% Tween 20, the strips were further incubated with a 1:3,000 dilution of affinitypurified anti-mouse IgG-horseradish peroxidase conjugate (Bio-Rad Laboratories, Richmond, Calif.) and incubated for 2 h. After three washings the strips were developed with a mixture of 80 mg of dioctyl sulfosuccinate (Sigma), 10 
RESULTS
Five MAbs designated as HGT 1, HGT 2, HGT 3a, HGT 4, and HGT 6 are described. One of the MAbs was an IgM, and the others were of subclass IgGl ( Table 1 ). The molecular weights of the antigens which reacted with the MAbs are shown in Table 1 . The specificity of the MAbs was determined both by ELISA and immunoblots.
ELISA results for specificity are described in Table 2 . Table 2 Figure 1 shows the Coomassie blue stain of SDS-PAGE separation of 10 mycobacterial, E. coli, and N. asteroides antigens. A large number of antigens were resolved with a 5 to 20% gradient gel. This pattern served as the basis for determining the specificity of the five MAbs. Figure 2 shows immunoblot studies and comparison with molecular weight standards. M. tuberculosis H37Rv sonically treated antigen was used. HGT 1 and HGT 2 recognized multiple bands in the molecular weight range of 45,000 to 60,000 and appeared to be similar, although they were derived from two different fusion experiments. HGT 3a showed a single band recognizing an antigen of 38,000 molecular weight. HGT 4 again showed multiple bands but was different from HGT 1 and HGT 2 in recognizing more low-molecular-weight molecules. HGT 
